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Knowledge of the permeability of human skin to histamine is limited. Recent
review articles (1, 2, 3, 4) on permeability of the skin do not include data on
histamine penetration. However, there are certain references on this subject.
In 1917, Sollman and Pilcher (5) produced local whealing by applying a "high
concentration" of histamine solution to the skin. They did not record the vehicle
or the concentration of histamine used. Heubner in 1925 (6) found that neither
histamine chloride nor histamine oleate in ointment (1/4000 concentration) had
any local effect when rubbed on the skin. V. Issekutz (7) attempted to introduce
histamine through the skin, using an unspecified concentration both in a fatty
and in an aqueous vehicle. Even after vigorous inunction, only tiny perifollicular
wheals were produced. MacKee, Sulzberger, Herrmann, and Karp (8) noted that
inunction of histamine phosphate in a special interface-active vehicle produced
local wheals, with intensified fluorescence under ultraviolet light. Herrmann
and Kanof (9) made a similar observation. Details of the technic or results are
not given.
In contrast to ordinary topical measures, iontophoresis readily causes histamine
to pass through the skin barrier and as a result, this method has been widely
used in physical therapy as a means of introducing histamine (10). Other methods
of promoting histamine penetration cause damage to the skin. Lewis (11) and
others introduced histamine through a needle prick or a scratch. Irritation of
the skin with benzine (12) did not increase histamine penetration into the skin,
though sandpapering the skin for 30 seconds did (7). Kalk (13) rubbed 2 grams
of 2.1% histamine salicylate ointment into an area of skin of ten subjects which
had been rubbed with emery paper. Giant wheals, a striking increase in gastric
secretion and a serious drop in blood pressure all testified to the fact that appre-
ciable amounts of histamine had penetrated the traumatized skin.
Few of the investigations relating to histamine penetration through normal
skin have included study of the factors which affect percutaneous passage. The
available data stem mainly from collateral observations rather than from direct
study of histamine absorption.
The present work was undertaken in order to evaluate the role of selected
factors on the rate of absorption of histamine through normal intact human skin.
METHOD
Estimation of the amount of histamine penetrating the skin was made on the
basis of differences in the degree of local whealing produced by applied histamine.
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The following method of recording reactions was adopted:
— = no whealing
1 = few perifollicular
urticarial papules
2 = intermediate number of papules
3 = many discrete papules
4 = confluent urticarial plaque
Although pruritus and erythema invariably accompanied the whealing, they were
not considered in the grading of the reaction. Human subjects with normal
healthy skin were studied at weekly intervals. The bulk of the data resulted from
observations on male subjects numbers 1 and 2. Subject No. 1 had a dark com-
plexion whereas subject No. 2 had a light complexion. Additional studies were
conducted on a number of other normal male and female volunteers.
Throughout the work, fresh histamine preparations' were always used within
a few hours of the time of their compounding. Histamine concentrations are
expressed only as the concentration (calculated) of the free base present, 1.0
gram of histamine free base being equivalent to 2.76 grams of histamine di-
phosphate. Inunction was accomplished by rubbing the skin gently with the
smooth rounded end of a glass rod (5 mm. diameter) which had been dipped in
the solution or ointment. Approximately 0.1 gram or ml. of the preparation was
used each time.
The following factors were studied:
1. Vehicle.
2. Concentration of histamine.
3. Chemical structure.
4. Location of inunction site.
5. Covering of inunction site.
6. Individual variation.
RESULTS
1. Studies on the Role of Vehicles
Table I presents the effect of 21 different vehicles on the penetration of his-
tamine through normal skin. All of these preparations contained 1% histamine
and were rubbed for one minute on the extensor surface of the forearm. After 15
minutes the whealing was graded according to the scale given above. Studies
were made on two subjects, using both the diphosphate salt of histamine and
the free base.
In Table II observations are recorded on the effect of a selected group of ve-
hicles when the concentration of histamine was increased to 10%. Results are
given not only for 15 minutes but also for 5, 30, 60 and 120 minutes. Oniy the
free base was studied since the salt of histamine was usually insoluble at this
concentration.
1 Histamine was supplied by Smith, Kline and French Labs., Philadelphia, Pa.
Ointment base-oil/water
Span 2.0%
Tween 1.0%
Cetyl alcohol 10.0%
Mineral oil 20.0%
Glycerin 10.0%
Distilled water q.s.
Penetrant Vehicle 1
Aerosol OT
Antipyrine 4.5%
Propylene glycol 56.0%
Distilled water q.s. ad 100.0
Ointment base-water/oil
Anhydrous lanolin 30.0%
Petrolatum album 50.0%
Distilled water 20.0%.
Penetrant Vehicle 2 (intraderm
tyrothricin base—kindly supplied
by Wallace Laboratories, Inc..
Princeton, New Jersey)
Sodium mixed alkyl benzene
sulfonates 1.0%
Propylene glycol 10.0%
Distilled water q.s. ad 100.0
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TABLE I
N/feet of vehicles on. the penetration of histamine: whealing produced by 1% histamine
preparations topically applied to the forearm
Grading at 15 Minutes: No urticaria =
—; urticaria = I to 4
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VEHICLE
Aquaphor
Carbowax 1500
Cetyl pyridium HCI 1% a.q
Corn oil
Duponol 1% a.q
Glycerine
Lanolin
Ointment base-oil/watert
Ointment base-water/oilt
Oleic acid
Olive oil
Peanut oil
Penetrant vehicle it
Penetrant vehicle #2t
Petrolatum
Propylene glycol 25% a.q
Propylene glycol 50% a.q
Propylene glycol 75% a.q
Propylene glycol
Propylene glyeol 50% a.q
Duponol 1%
Water
* S = SolubleI = insoluble
— = Unknown
t The following are the formulae:
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2. Study of the Effect of Concentration
A comparison of Tables I and II, as well as inspection of Graph I, indicates
the importance of the concentration factor. Uniformly as the concentration of
TABLE II
Effect of rehictes on the penetration of histamine: whealing produced by 10% histamine
preparations topically applied to the forearm
Grading over 2 hour period: No urticaria = urticaria =1 to 4
HISTAMINE BASE
SOLU]SILITY Subject Ott Subject *2
15" 30" 60" 5" I?30" 60" 120"
I 2 4 4 3 o? 2 3 4 4 4
S 3 3 3 3 of 2 4 4 4 3
S 2 4 4 3 of 2 4 4 4 4
S 1 3 3 3 0? 2 3 4 4' 4
S 2 4 4 4 0 1 3 4 t 4
S 3? 4 4 3 0 4 4 4 4 3
Ftc. I. Perifollicular wheals on the forearm as seen five minutes after the application
of 10 histamine free base in water. Five minutes later, an urticarial plaque covered the
area.
histamine salt or base in solution was increased, both the magnitude of effect
and duration of effect increased. Application of 10% solutions of histamine re-
sulted in large confluent wheals which persisted for several hours (fig. I). On
the other hand, 0.1 % solutions were generally without effect on the skin.
VEHICLE
Duponol 1% a.q
Penetrant vehicle P
Penetraot vehicle 2*
Propylene glycol
Propylene glycol 50%
Water
* See footnote Table I.
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GRAPH I. Comparative effects of inunction of various concentrations of histamine free
base and histamine phosphate.
Vehicle: 50% propylene glycol in water
Urticaria: Graded over a two hour period on a 0 to 4+ scale
Site: Forearm of two subjects
effect than the salt of histamine. In Table I, an effect was produced by the his-
tamine salt in only 8 of the vehicles whereas the base in the same concentration
was effective in 17 of the vehicles.
No physiological differences between the action of histamine base and his-
tamine diphosphate could be seen.
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3. Chemical Structure
Study of the effect of free histamine base versus histamine diphosphate.
The penetration of the free base was strikingly greater than that of the salt
(Graph I). Almost without exception the free base of histamine produced more
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4. Effect of Inunction in Different Areas of Body
The inunction of an aqueous 10% histamine base or salt solution produced
approximately the same degree of urticaria in the following areas of the body:
flexor and extensor surfaces of the forearms and arms, dorsae of hands, upper
and lower back, anterior chest, abdomen, flexor surface of the thigh and leg.
However, the palm and sole proved to be unique. No crythema, pruritus, or
whealing could be produced by even vigorous inunction of 1, 5, or 10% histamine
base or salt preparations on the palms or soles.
5. Effect of Covering the Inunction Site
The bulk of the experiments were performed with no covering over the inunc-
tion site. Under such circumstances, liquid vehicles evaporated with consequent
termination of absorption. However, when this evaporation was prevented by
covering the skin with an excess of histamine solution in a closed chamber, the
absorption of histamine continued indefinitely as evidenced by continued pruritus
and whealing. Closed chambers were kept in place for periods of over two hours
with sustained, continued pruritus and whealing.
TABLE III
Observations on urticaria and pruritus following inunction of 10% aqueous solution of
histamine free base on the forearm of td0 subjects
Conversely, it was found that the passage of oxygen, nitrogen, nitrous oxide
or carbon dioxide gases over the inunction site lead to cessation of pruritus and
whealing due to evaporation of the vehicle.
6. Individual Variation
The threshold concentration of histamine required to produce pruritus and
whealing varied greatly in individuals. However, it was possible to introduce
significant amounts of histamine into the skin of each of 20 normal subjects by
the inunction of a 10% aqueous solution of histamine base (Table III).
To illustrate individual variation the results on 2 male subjects (number 1
and 2) have been given in Table I and Graph I. Since control studies done on
these men indicated no marked difference in the reaction of their skin to histamine
injected intradermally, the differences seen with topically applied histamine are
to be ascribed in part to differences in absorption rate.
MISCELLANEOUS OBSERVATIONS
The slightest break in the integrity of the skin led to a very rapid penetration
of histamine. The resultant wheal clearly and sharply outlined the discontinuity.
GRADED URTICARIAL REACTION
(AT 15 MINUTES) PRURITUS
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Although concentrated histamine solutions have been used in this investiga-
tion, no systemic manifestations of histamine toxicity were noted. However,
gastric analyses were not made to determine if sufficient histamine was absorbed
to cause secretory activity of the stomach.
Histamine proved to be a pharmacologic tracer permitting observation of
the pathway of absorption. Histamine solutions were applied to the skin and
the area visualized through a binocular dissecting microscope. For several min-
utes, only small round perifollicular red macules were seen. These, then, made
the transition into perifollicular papular wheals. This papular urticaria was
definitely a follicular reaction. It was not randomly distributed, nor was it asso-
ciated with the sweat gland orifices (fig. 1). Since the sweat gland pores are not
normally discernible, the special methylene blue iontophoresis technic of Abram-
son and Engel (14) was used to selectively stain the sweat gland openings in a
small area. By this means, the openings were grossly apparent and it was found
that they did not partake in the initial papular reaction to histamine. Rather,
the papular wheals were seen to arise at the hair follicle openings. Moreover,
previous findings with allergen-inunctions (15) were supported in that neither
erythema nor wheals could be made to occur on the palms and soles of infants
and adults where sweat glands are abundant, but all follicular openings are
absent. The palm of the infant was employed because of its capacity for whealing,
not seen in the adult (15).
The duration of effect of a single one minute inunction of histamine base and
phosphate preparations has been studied. In Table II and Graph I, data are
presented which show the duration of the wheals to be over two hours in certain
instances. It should be pointed out that a 4+ urticarial reaction represents an
urticarial plaque and that changes in the size (height) of this plaque can and do
occur without being noted in the data. In this connection it may be noted that
the 4+ wheals at 2 hours are significantly smaller than the 4+ wheals at 30
minutes.
As the concentration was increased, the duration of effect was appreciably
increased. Secondly, the duration of effect was also definitely prolonged by the
use of the histamine base rather than the histamine salt.
The observations which have been reported in this paper were all made, with
the exception of the data of Table III, during the summer months. In the follow-
ing winter, in an attempt to repeat certain of these findings, several subjects
who had been studied in the summer were retested with 10% aqueous histamine
base solution. These men showed a markedly reduced histamine response upon
repeated trials with histamine from different sources. In the summer a solid
urticarial plaque was seen, whereas in winter only discrete papules appeared.
Placing one subject in a thermal cabinet to induce a high skin temperature and
sweating before histamine application failed to change the findings in the winter.
While the possibilities were not explored, it seemed not unlikely that this observa-
tion might represent a seasonal variation in the permeability of the skin.
Finally, as an incidental observation, it was found that the addition of a 1%
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concentration of surface active agents2 to an aqueous vehicle (10% propylene
glycol in water) did not accelerate the absorption of histamine.
DISCUSSION
The study of absorption of compounds through human skin poses difficult
problems. In each particular instance, specific methods of study must be adopted
which are satisfactory. The study of histamine penetration uniquely permits the
employment of local pharmacologic reaction to demonstrate the degree of percu-
taneous passage. Since histamine produces its effects on the vascular system of the
dermis, any reaction noted must arise from histamine which has actually passed
the epidermal barrier. However, it must be realized that the degree of reaction
is not a direct index of the amount of histamine absorbed. The whealing reaction
simply reflects qualitatively the equilibrium struck between histamine absorp-
tion and histamine removal, inactivation and destruction. Thus, even in the
presence of histamine absorption, whealing and erythema will be absent if the
rate of histamine absorption is insufficient to build up the local histamine level
to a threshold concentration. Furthermore, differences in responses can be referred
back to such variables as lymphatic drainage, blood supply, reactivity, and metab-
olism of the skin. None-the-less, the study of local whealing gives practical in-
formation which otherwise could not be secured readily since histamine cannot
be determined chemically.
Histamine, itself, is a decarboxylation product of the amino acid histidine.
It is known chemically as B-iminazolyl-ethylamine and was first discovered in
ergot. Widely distributed in plant and animal tissue, it has received much atten-
tion from an experimental standpoint (16). Pharmacologically, it is active in
astoundingly low concentrations. Histamine, both as the salt and the free base,
answers the basic requirement for absorption, viz, it is soluble in both fat and
water (1).
In the present study, the type of vehicle was the first factor of importance to
be investigated. Histamine was absorbed from both aqueous and fatty vehicles.
However, the aqueous vehicles were far superior to the ointment type vehicles.
Water itself was one of the most effective vehicles employed whereas glycerin
and carbowax 1500 (17) prevented appreciable absorption. Possibly the inter-
ference with absorption was related to a failure of the vehicle to bring the hista-
mine in contact with the pilosebaceous apparatus. Also, the factors of partition
coefficients and possible chemical interactions between the histamine and vehicle
must be considered. At the high concentrations of histamine, the six aqueous
vehicles studied showed essentially the same degree of effectiveness (Table II).
This finding is contrary to the generally accepted rule of the dermatologist that
penetration is better from an oily vehicle than an aqueous vehicle (22). However,
it is in support of the findings of MacKee, Sulzberger, Herrmann and Baer (15).
Reference should be made here to the penetrating vehicles developed by
2 Aerosol OT, Cetyl pyridium Cl, Duponol C, Emulsept, Span 20, Tergitol 4, Tergitol
08, Triton K60, Triton 720, and Tween 85; supplied by Mr. H. A. Clymer, Smith, Kline, and
French Labs., Philadelphia, Pa.
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MacKee, Sulzberger, Herrmann and Baer (15). Composed of water propylene
glycol, interface active agents, coupling agents, and solubilizers, they strikingly
promoted absorption of various compounds. Two examples of this basic type
of vehicle were employed (Penetrant Vehicles No. 1 and 2) in this study. Con-
trary to the findings of the previous investigators who employed higher dilutions
of histamine (8, 9), the action of Penetrant Vehicles 1 and 2 did not appear to
differ from that of the other aqueous vehicles. This is not surprising since it may
be necessary to develop selectively vehicles for each compound to be introduced.
No attempt was made by us to devise such a penetrating type vehicle specifically
for histamine. Furthermore, the universal vehicle suggested by this group (18)
was not tested.
The concentration of histamine in solution proved to be a second important
factor governing the penetration of histamine from aqueous vehicles. Increasing
the amount of histamine in solution uniformly increased absorption from liquid
vehicles. No studies were made of the effect of increasing the concentration in
ointments. In contrast to these finidngs, Strakosch and Clark (19) and Laug,
Vos, Kunze and Umberger (20) found in rats and guinea pigs that concentration
was of little importance in determining the amount of absorption of sulfanilamide
and mercury. The variance may be attributable to differences in subject ma-
terial, solubility factors and to type of vehicles used.
In view of the excellent qualities of oleic acid as a penetrant vehicle (21), it
was expected that marked absorption of histamine would occur from this ve-
hicle. However, no absorption took place when histamine was incorporated in
oleic acid. This apparently was based on the insolubility of histamine in oleic
acid. Suspensions of a drug simply supply too few molecules at the absorption
interface to maintain appreciable percutaneous transfer (22).
The third factor to be emphasized is that of chemical structure. Absorption
of histamine was enhanced by the use of the free base in place of the salt. This
observation resembles the pattern of skin permeability to alkaloids in which the
skin is permeable to the free base and impermeable to the salt.
Laug's finding (23) that covering the inunction site could greatly increase the
absorption has been extended to the absorption of histamine. Clinically, this
accelerated penetration is attained by the use of local compresses.
The data collected support the view that the skin is a sieve-like membrane
with a high degree of impermeability. The epidermis is an electro-physical bar-
rier, impermeable except through the appendages and of these the pilosebaceous
apparatus ranks first in importance. This confirms the work of Herrmann,
Sulzberger, and Baer (18) who have demonstrated that the major route of ab-
sorption is through the hair follicle. The relative roles of the hair follicle versus
the sebaceous gland could not be weighed with this technic. The degree of im-
permeability of the skin can be shown by a comparison of reaction to histamine
solutions applied to normal skin. It was found that the normal epidermis main-
tained a concentration gradient of 1 to 10,000 or more. This testifies to the effi-
ciency of this silent function of the skin.
The finding that significant quantities of histamine can be transferred across
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the intact undamaged skin without the use of iontophoresis offers a new method
of experimentally and therapeutically producing local hyperemia, pruritus (24)
or urticaria.
The differences noted between subjects in the summer and winter is deserving
of more study. It may well be that a seasonal difference in absorption exists,
although no reference to this was found in a survey of the literature. The known
effect of acclimatization to heat on sebaceous gland function and the chemical
and physical characteristics of sebum may be correlated with the accelerated
absorption seen in the summer.
It was generally concluded from these experiments that interpolation, extra-
polation and transference of results on absorption from compound to compound
is completely unsatisfactory at our level of knowledge. Specific studies on a given
compound should be instituted wherever feasible.
SUMMARY
The penetration of histamine through normal intact human skin was demon-
strated to be accelerated (1) by increasing the concentration of histamine in the
vehicle (2) by using histamine in the form of the free base; and (3) by employing
a suitable liquid vehicle, e.g. water.
Thus, it was found that marked local effects could be produced by the topical
application of a 10% aqueous solution of histamine base.
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